From a structural consideration of the silicate melt, the free energy of solution and the components' activities of melts of the M1O-M11O-SiO2 type were evaluated.
I. Introduction
It was described in the previous paper(1) that the free energy of solution and the activities of the components of the binary silicate (MO-SiO2) in the molten state could be derived as a function of composition from a theoretical calculation with one parameter. The principle is as follows. In a silicate melt, the units of SiO4 tetrahedron are oriented at random, and the way of arrangement of the two neighbouring units gives three types of oxygen, i.e. Si-O-Si, Si-O-and O=. This process is expressed by a chemical reaction (1) Thus reaction (1) proceeds to produce Si-O-bonds in such a way that the sum of the free energy of reaction (1) and the entropy term arising from the configuration of different types of bonds becomes minimum. When the standard free energy change of reaction (1) or a parameter, K, defined by (2) is adjusted at a certain composition of the silicate, and the free energy of solution and the components' activities are calculated as a function of composition.
In the present paper, the treatment is extended to ternary systems of the M1O-M11O-SiO2 type, where M1O and M11O may be CaO, MgO and MnO, etc. The parameter of a ternary system is derived from those of parent binary systems.
Further, a new method is proposed as to the basicity expression of silicates. It is necessary to define another quantity than components' activities to specify the acid-base character of a multi-component silicate, since there is no distinction among oxygen atoms of various sources, i.e. component oxides. This basicity seems to govern such properties as the sulfur capacity and dephosphorizing power of steelmaking slags.
II. Free Energy of Solution and
Activities of Components
For extension of the theory beyond a binary system, the following additional assumptions are introduced; (1) Metal cations dissociated from M1O and M11O occupy randomly their common sites. (2) The parameter, which determines the degree of modifying the network, is the logarithmic mean of those of the parent binary systems. Thus, in a ternary system,
The second assumption is based on the view that the mean free energy of the modification reaction will be given by the arithmetic mean of those of the parent binary systems as the first approximation.
Based on these assumptions, the free energy of so- 
III.
Comparison of Activity with Experimental Results
Thee comparison was done of two systems, CaOMnO-SiO2 and CaO-MgO-SiO2. Fig. 1 shows isoactivity lines of MnO in CaO-MnO-Si02, measured at The activity is referred again to the solid oxide in the experimental values and also to the liquid oxide in the calculation. One may note good agreement in the activity curves of both systems. Considering the simplification in which exponentials of integral numbers were selected for K values and MIO and MIIO are assumed to make an ideal mixture, this agreement may be satisfactory. In CaO-MnO-SiO2, the smaller the content of MnO at around xsio,=0.2, the higher its activity. This abnormal behaviour is successfully explained by the present theoretical treatment.
IV. Basicity
As mentioned in the previous section, it is necessary to evaluate acid-base character of a multi-component silicate melt, not from activities of individual oxide components but in term of the behaviour of oxygen atoms in the melt irrespective of which oxides they come from.
From the practical viewpoint, the basicity of oxide slags has so far been treated in terms of the limesilica ratio (V-ratio) and the excess base or the related quantities, without considering the relative difference of acidity or basicity strength of the components. Flood, Forland and Grjotheim(6) indicated the relative strength of FeO, MnO, MgO, and CaO in dephosphorization equilibrium of silicate slags. Mori (7) proposed With this relation eq. (11) leads to (12) (13) this scale is practically useful and informative for slags of many components including TiO2 and Al2O3, it is regrettable that the treatment is limited to slags containing as much as 80 mo19% FeO, where FeO is not simply an indicator but may modify considerably the structure of the slag to be examined.
Modification reaction (1) can be divided into two stages, Fig. 5 . The three curves with K=e-6, e-4, a-2 correspond approximately to CaO-, MgO-and MnO-Si02 respectively. They approach asymptotically each other as the MO content decreases, while at high MO content ao= with smaller K (high basicity) becomes higher. Another important point is that aowith strong base is always higher through the whole composition range than a system with an oxide of weaker basicity. (Activity of basic oxide itself, referred to its pure liquid state, shows a reverse tendency and then it does not seem to be a good measure of basicity). Fig. 6 is the calculated isoactivity lines of ao-in ternary CaO-MgO-Si02. The inserted number is actually ao=/Ksi value. The experimental evidence which may be compared with this is the sulfur capacity of this melt. It is generally recognized that desulfurisation is thermodynamically governed by (14) where the parenthesis and the square bracket means the concentration in slag and in metal respectively and Fig. 7 . The iso-capacity lines are apparently consistent with the isoactivity lines of Fig. 6 , although this comparison is not straight-forward for several reasons. First of all the oxygen concentration in the liquid metal phase varies with the activity of FeO. The interaction between oxygen and sulfur atoms reduces its activity considerablly (es(0)=-18). The basicity of FeO is much smaller than MgO, although the isoactivity lines of ao make a little difference if FeO is replaced by MgO. The general agreement inspite of these factors means that the change of ao-with composition is drastic to mask the other effects and ao-is the decisive factor in desulfurizing reaction. As shown in Figs. 5 and 6, the basicity of the melt not scarecely changes with species of basic oxides in the high SiO2 range, while it is determined by the activity of the most basic oxide (see Figs. 2 and 4) in the low SiO2 range. Fig. 8 is the isoactivity curves of O-of CaO-FeOSi02 which have been derived by Toop and Samis(2). In the calculation they assumed the activities of pure CaO and FeO to be unity. If ao= on the FeO side is higher than that on the CaO side, at the constant SiO2 content as shown in the figure, one must abandon the notion that ao is a direct measure of basicity. The present authors wish to propose, however, that the basicity of a melt can be well expressed in terms of ao= which is evaluated as mentioned above. Trans. ACME, 145 (1941), 95.
